The aim of this study was to evaluate the genetic and environmental variation of yield and food quality characteristics (protein, starch, b- Kornelija', 'Irbe', '1165', '1185' and the covered varieties 'Ansis' and 'Maali' were studied in two locations in Latvia and in one location in Estonia during 2014. 'Ansis', 'Kornelija', '1165' and '1185 
INTRODUCTION
Barley grain is used mainly for animal feed and malt, but there is an increasing interest in barley for other food applications (Biel and Jacyno, 2013) . Historically, barley has been an important food crop in many parts of the world, including the Middle East (Iran), North Africa (Marocco and Ethiopia), Northern and Eastern Europe (England, Finland, Denmark, Russia, Poland) and in Asia (Japan, India, Korea, Tibet) (Newmann and Newmann, 2006) . Barley lost favour as a food grain primarily due to development of the wheat industry. Wheat bread and wheat-based breakfast cereal products have replaced much of the bakery markets for rye, oats and barley because of texture, taste, appearance, and increased availability. With increased consumer knowledge of the health benefits provided by soluble dietary fibre and other whole-grain constituents, barley foods have a good chance of regaining an important place in the human diet (Newman and Newman, 2006; Baik and Ullrich, 2008) .
For food uses, barley grain is first abraded to produce pot or pearled barley, and may be further processed to grits, flakes and flour. In Western countries, pearled barley, whole, flaked, or ground, are used in breakfast cereals, stew, soups, porridge, bakery flour blends and baby foods. In Middle Eastern and African countries, barley is pearled and ground, and used in soup, flat bread and porridge (Bhatty, 1993) .
Interest in barley as a food crop has been renewed, caused mainly by b-glucan effects on lowering blood cholesterol, blood pressure (Behall et al., 2004) , glucose regulation and glycemic index (Cavallero et al., 2002) . Several studies have shown the effectiveness of barley b-glucans in barley food products in lowering blood cholesterol (Newman et PROCEEDINGS OF THE LATVIAN ACADEMY OF SCIENCES. Section B, Vol. 69 (2015) , No. 4 (697), pp. 163-169. DOI: 10.1515 /prolas-2015 
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Ylle Tamm 1, 2 # , Inga Jansone 2 , Sanita Zute 2 , and Ida Jakobsone al., 1989; Behall et al., 2004) , glucose regulation (Johansson et al., 2013) and glycemic index (Cavallero et al., 2002; Pins and Kaur, 2006) . Barley has been suggested for food also due to lowering the risk of cancer and heart diseases (Ames et al., 2006; Ames and Rhymer, 2008) .
Starch, protein and dietary fibre are the major components of barley kernel (Åman and Newman, 1986 (Izydorczyk et al., 2000; Quinde et al., 2004) .
The naked barley cultivars generally have higher b-glucan content than the covered barley cultivars. This type of barley grain contains up to 100 g·kg -1 of b-glucan. (Fastnaught, 2001; Meþaka et al., 2011) . The hull makes up to 10 to 15 percent of the dry weight of the barley kernel and is composed primarily of cellulose, hemicellulose, pectins, lignin, and a small amount of protein. The hull is the major contributor of crude or acid detergent fibre in the barley kernel (Bhatty, 1993) .
Several studies have shown that genotype, environmental factors and fertiliser supply affect both yield and chemical composition of barley grain (Åman and Newman, 1986; Conry, 1994; Valaja et al., 1997; Thompson et al., 2012; Biel and Jacyno, 2013) . A recent study carried out in Latvia at the Stende Cereal Breeding Institute showed the influence of nitrogen treatment rates to grain yield and quality of hulless barley genotypes (Bleidere et al., 2013) . However, little is known of how organic management influences the food quality of barley varieties in the Baltic region. Furthermore, there is a lack of studies examining the influence of location on yield and food quality of hulless barley genotypes in the Baltic region. The aim of this study was to evaluate the variation of yield and food quality characteristics of hulless and covered spring barley genotypes and find out their potential for dietary food production under organic management.
MATERIALS AND METHODS
The field experiments. This study consists of two different field trials. In the first trial six barley genotypes were tested in three different locations during 2014 -State Stende Ce- and was in most months, except June, below the long-term average of this location. Although the total sum of precipitation was higher compared to the long-term average, there was very little rainfall in April and the amount of precipitations remained low also in July.
Trial 2. The growing season of 2011 was characterised by an average temperature above the long-term data and there were some extreme periods of drought (Table 2) . Monthly average temperature exceeded the long-term data particularly in June (2.6°C) and July (2.9°C). The growing season of 2012 was characterised as having optimal temperature and moisture conditions, and a smaller number of sunny days. There was more precipitation than the long-term average. April of 2013 was colder than normal. The average temperature was above the long-term data also in the other months. The year 2013 was also peculiar in regard to the distribution of precipitation. The greatest amount of precipitation was observed in May and June, whereas in July and August the amount of precipitation were approximately two times lower than the average long-term data for this time of the year. (Grissom and Kim, 2012) . The significance of effect of factors was determined at probability level of 0.05.
Sampling
The integral evaluation method (Martynov, 1987) was carried out to compare the tested barley phenotypes to identify the best ones by the lowest deviation from the desired value preferable for food production. The desired value and the actual value of a trait, an investment coefficient of each trait and the standard deviation are taken into account, when using this method. The integral evaluation of genotypes was carried out according to grain yield, TW, TKW, starch, protein, b-glucan and husk content. The desired value for yield and quality characteristics, except husk content, corresponded to their maximum value, but for husk content to the minimal value. The following formula was used for calculation the integral evaluation (SD):
The minimal value of integral evaluation (SD) corresponded to the best genotype in the integral evaluation.
RESULTS
Grain yield. The variation of grain yield was significantly influenced by genotype, environment (location or year) and the co-effect of these factors in both trials. Yield varied the most by location (w 2 = 39%) in trial 1 (Table 3 ) and by year (w 2 = 54%) in trial 2 (Table 4) . High impact of the environment may partially be explained by different meteorological conditions in locations (trial 1) and years (trial 2). Average grain yield of locations varied from 2.70 t·ha -1 at Priekuïi to 4.30 t·ha -1 at Jõgeva in trial 1 (Table 5) (Table 6 ).
Effect of genotype in variation of yield remained lower (w 2 = 29% in trial 1 and 13% in trial 2), but showed dissimilar yield potential of tested genotypes. The average grain yield of genotypes varied from 2.76 to 4.32 t ha -1 in trial 1 (Table 7) and 2.31 to 3.00 t·ha -1 in trial 2 ( Variation of TKW was mainly determined by location (w 2 = 67%) in trial 1, and the share of other factors remained marginal. Co-effect of genotype and year was the main source of variation (w 2 = 46%) for TKW in trial 2. There were great differences between the levels of average TKW in locations in trial 1. TKW was the highest (50.5 g) at Stende and lowest (40.6 g) at Priekuïi. In trial 2 the TKW was in 2013 (41.6 g) significantly lower than that in 2011 (43.3 g) and 2012 (43.9 g). The CB variety 'Maali' showed the highest TKW (48.1 g) in trial 1 followed by the HB variety 'Kornelija' (47.5 g). The CB variety 'Ansis' had the highest TKW (44.3 g) in trial 2.
Ranking genotypes by integral evaluation method. The tested genotypes were analysed by integral evaluation method according to grain yield and quality traits simultaneously with the aim to identify the varieties having the lowest deviation from the desired value for food production. The CB variety 'Maali' received the best ranking (SD = 9.8) in trial 1 followed by the HB genotypes -the line '1165' (SD = 12.0) and 'Kornelija' (SD = 12.1) (Fig. 1) , leaving behind the HB genotypes. 'Maali' showed the highest level of grain yield (4.32 t·ha The CB variety 'Ansis' ranked first by integral evaluation (SD = 6.7) (Fig. 2) followed by the HB genotype 'Kornelija' (SD = 7.3). 'Ansis' showed the best yield (3.00 t ha -1 ) and b-glucan content (32 g kg -1 ) in trial 2 similar to 'Maali' in trial 1. 'Kornelija' had the highest protein content (108 g kg -1 ) in trial and also good level of starch (644 g kg -1 ) and b-glucan (37 g·kg -1 ).
DISCUSSION
Several investigations have shown that the grain yield and quality characteristics of barley are substantially influenced by genotype, environmental factors and their interactions (Åman and Newman, 1986; Conry, 1994; Oscarsson et al., 1998) . The previous studies carried out in Baltic region have shown similar results. Leistrumaite and Paplauskiene (2005) found that the grain yield and quality traits of spring barley varieties vary greatly due to growing conditions. Significant effect of year as a factor to HB grain yield was observed in previous research carried out at Stende (Bleidere et al., 2012) . Bleidere et al., (2013) found significant influence of genotype and nitrogen supply to the HB yield and quality characteristics. In the present study we show the significant effect of both tested environmental factors (locations and year) to grain yield and food quality characteristics of barley. Co-effect of factors indicated different reaction of genotypes to the variation of growing conditions.
The effect of nutrient supply, amount of precipitation and temperature to grain yield of cereals is well known. For example the results of the studies of Conry (1994) showed substantial lowering of the grain yield in cases of drought, compared to the yields in conditions of sufficient precipitation. Bleidere et al. (2013) concluded that moisture regime during the tillering stage of a particular year can influence the effectiveness of barley varieties to use nitrogen for increasing yield. In the present study, the effect of location and year as factors to variation of barley grain yield were superior compared to the effect of genotype.
Starch, protein and b-glucan are the major components of barley grain (Åman and Newman, 1986) . Starch is the prin- Oscarsson et al., (1998) found that protein content increased whereas starch content decreased while improving N supply. Shortage of moisture causes increase of protein and decrease of starch content (Åman and Newman, 1986) . In this study protein content was more influenced by environmental conditions and starch content by genotype.
The content of b-glucan of barley grains was observed to range between 35-45 g·kg -1 in several studies (Åman and Newman, 1986; Perez-Vendrell et al., 1996; Oscarsson et al., 1998) . In the present study the b-glucan content of tested genotypes varied from 32-42 g·kg -1 . Powell et al., (1985) found that the content of b-glucan was more influenced by genotype than environmental conditions. Availability of sufficient moisture during grain filling is critical for formation of high b-glucan content (Hockett et al., 1987; Kasha and Falk, 1993) . In this study, genotype, year and co-effect of these factors had similar effect on b-glucan content in trial 2. Co-effect of genotype and location showed the highest effect on variation of b-glucan followed by location and genotype in trial 1.
Barley TKW and TW varied depending on genetic and environmental conditions according to the results of a study by Oscarsson et al. (1998) . Bleidere et al. (2013) also found significant influence of these factors on barley TKW and TW. In the present study, TW was influenced mainly by genotype, and TKW by location in trial 1. Genotype, year and co-effect of these two factors had significant effect on variation of TW and TKW.
The hulless gene has multiple effects on many traits of barley, like yield reduction, lower seed weight and higher volume weight (Choo et al., 2001) . The barley varieties suitable for human consumption should ideally contain high content of b-glucan, protein, and soluble non-starch polysaccharides. The hulless barley is more desirable for food purposes (Holtekj¸len et al., 2006) .
In this study the HB genotypes showed lower yield, higher protein and TW, compared to those of CB varieties. The HB varieties generally had higher b-glucan content than the covered barley cultivars. In this study the CB variety 'Maali' showed high b-glucan content, which was superior to that of HB genotypes.
Results of the study showed significant effect of genotype, environment (location and yield) and co-effect of these factors on grain yield and food quality characteristics of barley grown in organic management conditions. The contribution of factors in explaining the variation of different quality characteristics varied. Tested genotypes differed in yield and quality characteristics. The CB variety 'Maali' showed good adaptation over locations, having high yield, b-glucan content and TKW. Line '1165' and the variety 'Kornelija' outweighed the other HB genotypes according to the integral evaluation method.
